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is INTRODUCTION 


iietme attempt to fit inelastic electron scattering 
data with the assumed resonance line shapes and a background 
program, one finds a significant interdependence between the 
assumed line shapes and background subtractions. In addi- 
tion, the mutual effects that neighboring resonances have on 
each other certainly depends on their assumed line shapes. 
It therefore seems evident that the choice of line shape is 
crucial to the proper assignment Of resonance energies and 
Peeir Be strengths . 

Three line forms to be considered are the Gaussian, 


Breit-Wigner and Lorentz shapes. In the following 


(a70/an dE.) aqiftferential crossmsection 


E,. = excitation energy 
T = the full width at half maximum (FWHM) 
E = excitation energy of the maximum. 


The Breit-Wigner form 





aa (Ez) ao (7/2)? 
x 
=." 2 2 oe 
dQ dE dft dE (E - E ) + (T/2) 
x x x oO 
max 
is symmetric about Ey . 
Z 
renee 2 , 5 
Area (Breit-Wigner) Tl / 2) Cd wo / dS dE) ax I 
Thre Benrentz form 
2 Zz 
d“o(E_) do FG 
ef * Res 
dQ dE df. dE (E on E oon E Snre 
x x J/max x Oo x 
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describes an asymmetric variation of the differential cross 


section about the peak energy. 
2 
Area (Lorentz) = T(I/2) (d o/dQ CE aS 3 I-4 


Note, that the limits of integration are -~™ to +” for Breit- 
Wigner, and 0 to +> for the Lorentz form (see II.A.). The 


Gaussian form 


a“o(E,) ao \ [ ar. ; 

SS ss fexp - | —_—— tn 2 I-5 

aQ dE dQ2 dE M2 : 

x x /max { | 

is symmetric about the peak energy. 

Area (Gauss) = (IT/2) vT/£n 2 (a7a/an CE eae ‘ I-6 

: ; : Loe 

These three line forms are plotted in Figure 1 for Au. 


Different investigators have assumed different line 
shapes in their attempts to fit their cross section data. 
The Gaussian line shape, whichcould not be justified by 
purely physical argument, was used mainly because of its 
mathematical simplicity. The El resonance in photonuclear 
experiments has been £Fitted with both the Breit-Wigner and 
Lorentz forms. Because the El cross section has been 
Measured to be asymmetric, the Lorentz form has been pre- 
ferred more recently because it yields a better fit far off 
resonance (several I''s) at the higher excitation energies. 

The primary goal of electron scattering experiments is 
PNecwc@eteumination of the intrinsic Feduced transition prob- 


ability (B-value) per unit energy interval, dB/dE,, via the 


ea 





mMeaswmed scattering cross section. It is the first quantity, 
which, when integrated over energy, yields the total reduced 
transition probability B(EX) for the collective mode. One 

is left with the problem of determining the relationship be- 
tween d“o/dN dE, and dB/dE | : 


If one defines an excitation factor f£(E,) by 


2 
“2 -crue,) “2 , 7 
dQ dE, dE 





x 


a7o/dn dE, will yield the distribution of the desired re- 
G@uweceastransition probability. Equation I-7 can be rewritten 
as (response function) = (excitation factor) x (excitation 
strength function). The left side of the equation corres- 
ponds to the data to be fitted; the right side corresponds 
to the fitting line shapes as modified by the excitation 
ioctor..) Note that in the following sections the excitation 
factor is defined in such a way that the numerical value is 
maenteical to 1.0 at Eo and corresponds to a constant B-value 
Oeste ibution of B(EA) = ieee Note furthermore, that ES 
is, therefore, not the energy associated with the maximum 
cross section, but is that energy corresponding to the maximum 
of the excitation strength function (B-value). 

By a comparison of the results obtained from applying 
each of the three line shapes, including the effect of the 
excitation factor to experimental data, it is hoped that a 
given choice of line shape is preferred over the others, that 


is, that the line shape question may be solved experimentally, 


a2 





at least for (y, abs). Since this work considers only heavy 


nuclei, in which the Coulomb barrier is high, the identity 
Gagumciscye- O(Y, nN) +t Ot¥, 2n) + O(Y, np) + .w«. I-8 


is used. 

Closely connected with the question of the resonance 
line shape is the problem of the resonance width. Presently 
no quantitative theory of giant resonance widths exists. 
Here presented are some theories for the qualitative nature 
of widths followed by a survey of experimental attempts to 
Show the energy dependence of these widths. 

The original wording and nomenclature of the utilized 
references have been retained as much as possible. Changes 


have been made solely to facilitate reader understanding. 
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Et. THEORETICAL AND EXPERIMENTAL BACKGROUND 


A. LINE SHAPES 

Danos and Greiner [2] addressed themselves to the theo- 
retical aspects of the form of the giant dipole resonance. 
Regarding the El absorption of a photon as an entrance 
channel (doorway state) whose energy is distributed through 
a succession of residual interactions among actual compound 
states in the energy interval around Ey 7, One is Led to the 
same results as for a resonant scattering event described by 
a Breit-Wigner form Bai Unfortunately ORE authors do not 
make a clear distinction between matrix elements ieeaaeed 
transition probabilities) and photon cross sections. 

In later papers [4,5] Danos and Greiner showed that one 
is led to a Lorentz term using the argument that since the 
photon has no rest mass and using the concept of time re- 
versal, one must choose a function which has symmetric 
energy poles with respect to the imaginary axis. This de- 
scription technique allows one to consider the photon absorp- 
tion cross section as a superposition of a number of 
individual Lorentz lines [3]. Again there seems to be 
confusion between the (theoretically derived) matrix elements 
and (experimentally measured) cross sections. Most authors 
have generally adopted the practice of representing the form 


of the measured photonuclear absorption cross section of the 
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giant resonance for heavy spherical nuclei by a single 
Lorentz line and for heavy deformed nuclei by two Lorentz 
lines [1]. 

Since the background in inelastic electron scattering 
experiments is very high and can be calculated only approxi- 
Mately, it is unlikely that the choice between the Breit- 
Wigner and Lorentz forms, which are very similar (Equations 
I-1,3), can be easily made for (e, e'). Fortunately photo- 
nuclear reaction data taken with monochromatic photons [1] 
give very reliable results and are therefore more suited 
experimentally for studying the problem of a line shape 
choice, at least for the -El state. This thesis concentrates, 
therefore, on photon experiments. Note that photo-absorp- 
tion experiments measure do/dE only; and not a-a/an dE, 5 

The connection between the reduced transition strength 


and the photoabsorption cross section is given by [6] 


E 
2 
{ O dE. = thea SEAT L) Kern tg, k) , II-l 
cer a(CooeRIon | 
aT 


where O= do/dE | : It follows that 
= II-2 
do/dE Ci (E,/E.) [dB (E1,k)dE,] ; 


wWitetem A= | . Therefore, for photoexcitation of a dipole 
resonance the excitation factor is given by E,/E, oo has 


can be re-expressed as 


= - II-3 
£(E.) 1 + (EY EG) /E, ’ 
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Note that £(E,) is normalized to unity at the resonance 
energy and that it is linear in the excitation energy. 
The Lorentz form can be mathematically decomposed into 


a superposition of two Breit-Wigner forms as follows: 


E 


do do x zZ 
ao Lor 7 aT max ee ese} Z Se 
. GEE.) +(P/2) 
2 
7 2) 
2 z : 
+ + 
Be, ae (T/2) 
where E 4 = E : ~ cyan = E 2 the latter a FOX iMac vo 
res oO Teo. ED eer z 


being good for giant resonances. In the analysis of indi- 
vidual resonances one usually omits the negative energy 
resonance term since it contributes a practically constant 
Gross section of less than 1% for Ey ~ Ewe and since away 
from resonance, there may be more important additional con- 
tributions arising from other neighboring and distant 
resonances [7]. 

Applying the last three equations to the photoexcitation 
of a giant dipole resonance and assuming an intrinsic 3reit- 


Wigner line shape for dB/dE , one can see that the resulting 


Measured cross section has a Lorentz shape, given by 


(do/dE,)s oy =~ Ci (E/E) (dB/dE,) By ; II-5 


where one has neglected the negative branch of the Lorentz 
curve for the reasons previously cited. The two sides of 


Equation II-5 are compared in the last two columns of Table I, 
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where the right side is listed as the Lorentz approximation. 
One observes indeed that this approximation is very good 

with a nearly constant difference of 0.007. It will be shown 
later that even differences of this order have a great impact 


on the fits. The integrated cross section which results 


eo co 


E 

x {do do ne fac 

Is aE ae aE goes oulian ree 
Oo x JBW Xx Low x max 


= 6 oO 


can be seen to be only slightly dependent on the assumed line 
shape. Note, though, that the limits of integration are not 
identical, but this convention is widely used [3]. 

In summation it may be argued that £(E,) as defined 
above for the photoexcitation of a giant dipole resonance is 
identical with the term which, in a very good approximation, 
Makes up for the difference between the Breit-Wigner and 
Lorentz forms. This is only true for an El resonance, since 
Bouvati1on IIl-l shows that for the photoexcitation of an E2 


resonance 


3 
f(E,) te Cc, (E/E) : a 7, 


Alternatively it may be stated that the excitation factor 
f(E,) produces the apparent asymmetry in the cross section 


due to the rapidly changing momentum transfer 


k = E/he - II-8 
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In inelastic electron scattering the momentum transfer 


is described by 


q? = (4E,E, /héc*) oun gly) 2 ae Tr=9 


where E.. = E,-E, - It is seen that the momentum transfer 
for (e, e') does not change as rapidly With excitation energy 
asetror (VY, abs). Even if the momentum transfer does not 
change as rapidly in (e, e') as for (jy, aps) coe Gesul tung 
effect on £(E,) is not negligible. This is shown in 
Figure 2, which compares the energy dependence of £(EL) 
for (e, e') and (y, abs) in the region of the giant dipole 
resonance in Fg in the case of 65 MeV electrons. 
Heretofore the excitation factor has been given as one 
possible reason for the measured cross section being asymmet- 
iG « In electron scattering, the incremental sampling of 
the resonance curve by the ene Shape of an elastic peak, 
which is used to reflect the line shape of the sampling line, 
will introduce other asymmetry. The sampler's effect may in 
principle be considered fe a superposition of two phenomena, 
asymmetry and the radiative tail. The asymmetric part gives 
rise to a shift toward higher energy of the whole curve with 
a right half width at half maximum (HWHM) being slightly 
larger than its left counterpart. However, this difference 
typically has been found to be only 20 keV for a full width 
of 200 kev for the elastic line. An asymmetry of 20 keV for 


a line width of several MeV as in the case of the giant 


eS 





resonances will give rise to a negligible shift only. The 
radiative tail which causes at least part of the asymmetry 
in the elastic line shape (sampler) would give rise to 
detrimental effects only for energies far off resonance; 
however, the cross section has already dropped to values 
no larger than three percent of the peak height at an exci- 
tation energy of only two sampler half widths away from the 
maximum. This effect is small compared to the uncertainty 
arising from the underlying radiative tail. For these 
reasons the fitting programs used in the evaluation of these 
line shapes have assumed egual and constant right and left 
“HWHM's for the mathematical expressions: 

Another effect which would lead to asymmetric line 
shapes is the fact that the width might be a function of 
excitation energy. This possibility has to be investigated, 


EOO% 


Bo ENERGY DEPENDENCE OF GIANT RESONANCE WIDTH 

Goldhaber and Teller [8] proposed in their collective 
model that the giant dipole resonance width is probably due 
to the transfer of energy from the orderly vibrations of 
the neutrons against the protons into other modes of nuclear 
motion in a process analogous to damping by friction. A 
nuclear model in which this ordered dipole vibration of 
protons and neutrons in opposite directions corresponds to 
well defined quantum states was adopted. This resonance 


corresponds to the transition from the ground state to the 
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Presto xchted State of the dipole vibration. Coupling with 
other degrees of freedom broadens these states. This cou- 
pling phenomenon leads to a large number of nuclear levels 
each of which contains to some extent the dipole vibration. 
Absorption of photons by an energy level is due to the con- 
Erabution from the dipole vibration. Thus, a large number 
of nuclear levels actually contributes to the photoabsorp- 
tion, but they all cluster around the first excited state 
of the idealized dipole-vibration. 

Danos and Greiner [5] proposed that in heavy nuclei the 
damping of the giant resonance is due to the thermalization 
--of the excitation energy rather than to the direct emission’ 
of particles; the latter process is strongly inhibited by 
the angular-momentum barrier. After the absorption of a 
photon, the nucleus is ina highly excited state of a partic- 
mare Kind, viz. the dipole state. In light nuclei a high 
energy particle is emitted very soon, leaving the daughter 
Give leus either in the ground state or in an excited state in 
a region of very low level density. In heavy nuclei the 
bulk of the reaction results in the emission of evaporation 
neutrons. The decay of the dipole state therefore proceeds 
via an intermediate state in which the energy is distributed 
in a random manner among many degrees of freedom. The damp- 
mio in light nucléa@ is thus a consequence of a “direct” pro- 
cess, while in heavy nuclei most of the damping arises from 


the "thermalization" of energy [9]. 
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The thermalization proceeds via inelastic collisions 
leading from the one-particle-one-hole (p-h) state to two- 
particle-two-hole (2p-2h) states. In heavy nuclei, several 
hundred such states are available at the energy of the giant 
dipole resonance. The rather large width of the giant reso- 
nance arises from the addition of many small partial widths 
of channels leading to the different 2p-2h states. Ina 
given nucleus the energy dependence of the widths is deter- 
Mined mainly by the density of states. 

Huber et al [10] suggested that the coupling between di- 
pole vibrations and quadrupole surface oscillations may be 
very important and they include this dynamic effect in the 
above cited collective model. This dynamic collective model 
(DEM) predicts a splitting of the dipole strength into inter- 
mediate collective states covering an energy range AI for 
medium and heavy even-even quasispherical nuclei. This 
splitting produces an increase in the overall giant dipole 
resonance width [IT whenever the root mean square amplitude 
B of the surface vibrations, obtained from the reduced tran- 
SitLeon probability B(E2), inmereases; a similar increase 
occurs when the energy E+ of the first excited 2 State 
decreases [{11]. 

Dover et al [12] have drawn an analogy between the photo- 
absorption cross section and the response of a system to a 
weak external electromagnetic probe. In the nuclear shell 
model this response is expressed in terms of the particle- 


hole excitations that are induced by the external field. The 
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effect of collisions between excited particle-hole pairs 
and the nuclear background leads to a damping of such par- 
ticle-hole excitations. Dover et al have expressed this 
damping effect not in terms of the undamped particle-hole 
excitations but in terms of "quasiparticle-quasihole" 
excitations, whose widths depend on the excitation energy 
Ofecthe system. The mathematical approach used by the 
authors shows that the dipole-strength distribution, which 
determines the absolute magnitude of the absorption cross 
section, is given by the shell model, while the resonance 
widths are determined independently by the nucleon excita- 
tion energy. 

Evidently any mathematical expression used in fitting 
the experimental total photoabsorption cross section curve 
requires a spreading parameter which characterizes the fact 
that the giant dipole resonance has the experimental width 
T as one of its interesting parameters. Experimenters 
have tried to attribute this width to three sources [ll]. 
Prensely, there is the direct decay width [t+ of the dipole 
state (approximately 100 kev). Secondly, the dipole strength 
meegenerally split up over a certain energy range; for the 
nuclei considered only the dynamic collective model (DCM), 
which takes the coupling between dipole oscillations and 
quadrupole surface motions into account, gives a formula 
which can be used to predict a distribution of the dipole 
Seeemqciee Lt predicts a splitting of the dipole strength 


into several intermediate collective dipole states and this 


to 
N 





splitting can be represented by a broadening term AT . 
Thirdly, each dipole state has also a damping width [fy . 
Its meaning can be understood from the foregoing if, within 
the framework of the shell model, one admits to the exis- 
tence of a relatively "simple state", namely the aforemen- 
tioned collective lp-lh dipole state, which is found in 
roughly the same energy region as the one occupied by the 
unperturbed 2p-2h states which constitute a dense background 
in heavy nuclei. These more Soroitieat ed states interact 
with the simple state via the two body nuclear interaction 
and the effect is to impart to the simple state the damping 
‘wiath T¥ due to the spreading of the simple state over a. 
certain energy range [ll]. 


Danos and Greiner [4] assumed a power law dependence 


FE =3C en DE-2O 


with the exponent 6 to be determined from the fitting to 


165,, 


Breve data, They found 6 to be 2.2 for o. Ambler 


165 
mets) found 6 to be 2.0 for Ho 


Carlos et al [11] proposed the semi-phenomenological 


description of the giant dipole resonance width mentioned 


above. Having defined 
P= Tt 4+ Ale Tt Er— 21 


and having chosen a set of nuclei for which [t+ and ATP 


could be neglected, they studied [4 directly for medium 
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andeheavy nuclei. They obtained as an empirical law for the 


damping width 


(1.9+0.1) 


Ty = (0.026 + 0.005) E II-12 


for 139 < A < 238. The r.m.s. deviation was found to be 0.28 
MeV as compared to the experimental error of 0.2 MeV. For 


een to0 they obtained the following result: 


(1.9+0.1) 


T = (0.026+0.005)E +(0.7640.05)EB-(0,8240.08)E,4 , 


iis 


where all energies are in MeV, as in the previous equation. 
An r.m.s..deviation of 0.3 MeV was found between experimental 
and calculated values. 

Commenting on the results of Carlos et al, Berman and 
Fultz [1] stated that the use of a simple power law depen- 
G@ence of | on E is fruitless (Figure 3) or is of use 
only in a limited mass region; and that unless one takes 
into account shell effects, or the resultant level density 
in the giant resonance region, one cannot generalize the 
behavior of the giant resonance width in this way. 

All the previously cited references on experimental find- 
ings have attempted to find the energy dependence of the 
giant resonance widths by correlating their experimentally 
determined constant widths to their experimentally determined 
resonance energies. Their data base has extended either over 
several different excitation modes of a given nucleus or over 


the same mode of excitation for several nuclei. In -oeher 
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words they have attempted to find the widths as a function 
of the resonance energy. 

It is a secondary goal of this thesis to determine if, 
for a given excitation mode of a given nucleus, the width 
of the giant resonance varies continuously with the excita- 
tion energy. Generalizing the concept of Danos and Greiner 


[4], one can use the expression 


6 
i= we (E/E,) ; Ir-14 


as Shown in Figure 4 for Tt, where 6 = 2.0 and [. 
equals the experimentally determined FWHM. One easily sees 
from this figure that the dependence of [ on the square of 
the excitation energy is much too strong. This work there- 


fore uses 
= ot. ~ =-15 
D(z) Pitt E(EY Eo)! II-1 
to investigate a linear dependence of the width on the exci- 
tation energy. This expression may be regarded as a Taylor 


series of [Yl in Ey which neglects second and higher order 


terms. 
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eo FITTING PROCEDURES AND RESULTS 


Nuclei with varying degrees of deformation, which have 
been measured with both monochromatic photon and inelastic 


electron scattering experiments, were sought for this in- 


vestigation. The spherical nucleus es [14, 15], the 
statically deformed Be Ee [lG, 27), and the dynamically de- 
formed ee [3, 18] fulfilled these requirements. 


Both the photonuclear and electron scattering data were 
bree with a least-squares fitting procedure. To meet the 
objectives of Sey neste all three line shapes, Gauss, 
Breit-Wigner and Lorentz, were incorporated into the fitting 
program. 

This program afforded the investigator many options in 
Pmaeting Giant resonance curves. Any portion of the fur- 
nished data could be fit with a variable number of lines 
with any combination of line shapes of fixed or variable 
resonance energy, width and peak height. A best fit is 


2 : 
determined when a minimum in chi-square xX was EOund.) Chi— 


square is defined as 


Z 2 2 
a= 2 (x,-x)) /0. III-1l 


a 


calculated value of the cross section 


where x, = 
at 
x = measured value of the cross section 
Oo 
Oo. = experimental error associated with x. 
ai 
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Related to this chi-square distribution is the term “degrees 
of freedom" which is defined as the number of points to be 
fitted minus the number of fitting parameters. The minimiza- 
—ron Of ve (per degree of freedom) offers the following ad- 
vantages: if the value of x7 is appreciably greater than 
unity, the fitted line shape is incorrect, while if the value 
of x? is appreciably less than unity, the experimental sta- 
EustIcs are imecorrect. Using this criterion, one can make a 
choice between different line shapes or between a one line 


197, 


or a two line fit for cases such as us. Addiavtionally, 


Since the ean, fits often gave a a per degree of freedom 
of less than 0.25, it was assumed that the errors in the data 
given by the authors were too large by a factor of two. 

2 
therefore, the resulting YX per degree of freedom was 

: ; : : 197 é 
aeoetrarily multiplied by four for all Au fits. Naturally 
this had no effect on the fits themselves, but makes the 
comparison of Figures 27-29 easier. 

The photonuclear data were fit with each of the three 
line shapes (Figures 5-14). Since the Gaussian form resulted 
; 2 197 : 
in an unacceptably large x FOremost. Of Ehe Au fits, 
this form was discarded in evaluating the best fitting shape 


for De and 14liy 


» These initial fits were followed by 

ones in which the excitation factor £(E,) was taken into 

account (Figures 15-26). A further test of the concept of 
the excitation factor was made using 


i 
£(E,) = l1 + ae + a) (EL-E.) ° Poo 2 
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By varying Q@ in steps it was to be determined whether 
P(E) in the form of Equation II-3 accounted for the total 
Variation of Soe EBNCETOn of the excitation energy 
Ey i If so, @ should be close to zero (Figures 27-29). 

The final objective of determining the functional de- 
pendence of the giant resonance width on the excitation 
energy was to be met by obtaining best fits for different 
memmes Of € (EQuation Ii-15) and comparing the resulting 

2 
ia. ° 

Hable Ii shows most of the quantitative results of this 
investigation. Those energies and widths that were held 
fixed show errors of 0.00. The f(z.) coefficient refers 
Pemene factor multiplying (E-E,) in Equation II-3. Com- 
pared to the results of Ref. 1, larger fitting intervals 
were used in this investigation. While the extracted areas 
are close to those of Ref. 1, they are consistently smaller, 
as are the widths. This effect is due in part to the sub- 
Beaecti1on of the cross section due to the isovector (AT=1) E2 
state(s). Note again that this thesis aims at the more 
fundamental quantity of the reduced transition probability 
rather than at the excitation cross section, which varies 
with experimental method, and that, therefore, the parameters 
extracted are the parameters of the excitation strength func- 
tion and not of the cross section. No excitation factor was 
taken into account for the E2 resonances. 


2 
Withow: exception the best xX was obtained for the Breit- 


Wigner line shape multiplied by the excitation factor. Both 
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the Breit-Wigner and Lorentz line shapes gave better values 
ene ae with £(E,) than without f£(E,) : 

Table III shows the percentages of the Thomas-Reiche- 
Kuhn (TRK) sum rule [19] exhausted by the best Breit-Wigner 
fits of the El lines. This sum rule gives the total inte- 
grated cross section for electric dipole photon absorption 
and is defined by 


oo 


ip O(E)dE = 60(NZ/A) MeV-mb . TiT=3 


O 


Also given are the B-values for both the photonuclear and 
inelastic electron scattering experiments. The Goldhaber- 
Teller model (surface oscillations) was used to extract 

the B-values from the (e, e') experiments [18]. Both the 


Py and aca values agree very well, but there is a 


significant difference between the two values for Ee 
(for a possible explanation see Ref. 18). 

The shapes of the a curves (Figures 27-29) varied 
Significantly with the three elements. The deformed nuclei 
have wide minima for a= 0.04 for the Breit-Wigner curves 
with the oes curve being steeper than the ae curve. 
Note that the statistical error was arbitrarily changed for 


St for purposes of comparison. A sharp Minimum at 


4 : : 
a= 0.00 characterizes the ‘ ee curve. Contained in 


141 : 4 
Table IV are the fitting parameters for Pr obtained with 


different values of OG. One observes that as a increases 
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the parameters for the resonances change systematically. 
brfterences in the area under the El curve are compensated 
for by the area under the E2 curve. This emphasizes once 
more the importance of the excitation factor for the 
evaluation of giant resonances. 

By comparing the one and two El line fits for made 
(Figures 16,19), one observes that a better fit was obtained 
for the latter. The splitting of the giant dipole resonance 
resulted in a reduction of a by a factor of five. The 
x? was reduced even further by considering the E2(AT = 1) 
Seacemet 2o00 MeV [18] (Figures 25, 26). Although this line 
was outside the range of the available data, the effect 
within the fitting range was detectable. The peak height of 
this line, which was allowed to vary, was 23 mb as compared 
touche (Ee, e°*) result of 31.5 mb. in all other Be ELES 
the energies, widths, and peak heights were allowed to vary. 

beovector E2 lines at 23.5 and 26.75 Mev [17] were used 


in the oes 


fits.) 9A Varlation Ole tO.>o MeV for these 

5 2 
energies had no appreciable effect on the x , but the 

2 é as 
exclusion of these lines increased the xX most signif i= 
cantly. The results for these two lines should be considered 
qualitatively rather than quantitatively. All other reported 
es 

parameters for Ho were allowed to vary. 

eka 

Simplarly an E2 line at 25.6 MeV was used in Pr {i5]% 


The resonance width of this Line was fixed at 4.0 MeV while 


the remainder of the fitting parameters varied. 
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FOmesene 6) distribution (Equation II1-15) it was found 


Ghat both ag en and oe showed a minimum x7 EOre=c—0,00, 


while Bee te achieved a minimum we for e€=-0.02. If one 
Peivcomenla result Seriously, 1£ would imply that the reso= 
nance width shrinks for increasing excitation energies which 
seems physically untenable. One should rather conclude that 
the interdependence between the not too well known struc- 
tures around 25 MeV and the El resonances bring this effect 
about. In any case this investigation shows that the change 


of T[ is smaller than 1% per MeV for the spherical and 


guasispherical nuclei. 
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IV. CONCLUSIONS 


Of the three line shapes considered the Gaussian form 
can definitely be discarded. Reasonable values of yx 
motecle Gaussian form™resulted only for multiple line fits, 
even for the spherical nucleus 1a Even though reason- 
able, these values of x7 were much worse than the corre- 
Seonding values of x? for the Lorentz and Breit-Wigner 
£Orms . 

The choice between the Breit-Wigner and Lorentz line 
shapes is less obvious. If one compares the values of yx 
iO eae mimtable @iesor the Lorentz form (/.21, Fagure 10) 
micdeche Lorentz approximation (1.17, Figure 19), the latter 
Sommesponding tO a Breit-Wigner form with the excitation 
strength factor, the choice seems trivial. However, Table I 
shows the nearly constant difference of 0.007 between the 
two line shapes. This represents a 0.7% error since the 
peak height is normalized to unity. An estimate of the 
standard experimental error is 4-6%. Keeping in mind that 
this work halved these errors, one calculates a change in 
the values of ve Ot 2.0 )toO- 6.2.) ino  Lesults explains most 
of the difference between the values of x? fOr, thewworents 
form without the excitation factor and the Breit-Wigner form 


Witeneene excitation factor. Additionally this result illus- 


trates not only the accuracy achieved by monochromatic photon 


a2 





experiments but also the importance of the line shape selec- 
ELON « 

Further complicating the choice between the two forms is 
the interdependence between the effect of the excitation 
PaceOr f£(EL) and the consideration of the E2 isovector 
lines. With £ (EL) multiplying the line shapes the areas 
of the E2 lines decreased significantly for all three nuclei, 
regardless of line shape selection. 

The results for ae rte show that Sie is dynamically 
deformed at an excitation energy of 13 MeV, the deformation 


bemmg about one third of that found for ae 


: Moreover, if 
one chooses the “right" line shape (Breit-Wigner form), the 
ratio of the two B-values is close to 1:2 for the lower 
energy compared to the higher energy as expected for deformed 
muc her [20]. 

Because the Breit-Wigner line shape multiplied by the 
excitation factor consistently gave better fits to the data 
for all three nuclei and because the results of these fits 
Boiscomwith certain predictions, the distribution of the 
meamecd transition probability ie Coneded to be of Breie— 
Wigner form. This result is especially satisfying since the 
theoretical reasoning for a Breit-Wigner shape is simpler 
and is founded on more basic nuclear properties than is the 
Porentz shape (see Il. A.). The cross section is concluded 
to be of the Lorentz shape, insofar as the approximation of 
Equation II-5 holds. 

Every aspect of this investigation confirmed the con- 


cept of the excitation factor. Values of xX were reduced 
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PemeeateeOrs ©f£ 2=-/ by uSing this factor. Even the Lorentz 
shape gave better fits when multiplied by f£(E,) - The 


141, 


extremely sharp minimum in the r @ Curve (Figure 29) 


and the broad minima regions near a=0.0 in ae and 


EG (Figures 27, 28) show that the form of £(E,) 1 
Equation II-3 is essentially correct. 

tivewents the disturbang fact that the absolute Sige 
minima for So He and Se ne were achieved for a=0.04. In 
the case of these deformed nuclei with Soe resonances 
overlapping, the fitting parameters are very interdependent, 
a fact which is reflected in the opening of the y?-para- 
bolas of Figures 27 and 28 when compared to Figure 29, 

There was no clear evidence of a dependence of the 


giant dipole resonance width on the excitation energy in 


mimeetrrst Order approximation used (II=15). 
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C.1000 
1.0000 
2.0000 
30000 
4.0090 
5.0009 
6.0000 
7.0009 
8.G000 
$-0000 
1C.0000 
11.0000 
12.0000 
3.0000 
73.7000 
14.0009 
15.0000 
16.0000 
17.0000 
18.0000 
1$.0000 
2C.0000 
21.0000 
22-0000 
23.C000 
24.0C00 
25-0000 
26.0000 
27.0000 
28.0000 
29.0000 
30.0000 





GAUSS 

0.0000 
0.0009 
0.0000 
0.0000 
0.0000 
0.0001 
0.0007 
0.9040 
0.0135 
0.0662 
Oe 1259 
0.4085 
On ORI 
0.9416 
1.0000 
0.9690 
Or 25 
Deng 20 
0.2624 
0.1031 
0.0317 
0.0076 
0.0014 
0.0002 
0.0000 
0.0009 
0.0900 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 


TABLE I. 


B-W 

0.0296 
0.0338 
0.0396 
0.0470 
0.0566 
0.0694 
0.0809 
O.1116 
0.1419 
0.2034 
0.2915 
0.%362 
0.6612 
Ce7201 
1.9090 
0.9843 
0.7695 
0.5161 
0.3412 
0.2338 
0.1672 
0.1244 
0.0957 
0.0757 
0.0612 
0.0505 
0.0423 
0.0359 
0.0309 
0.0258 
0.0235 
0.0208 
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LOR 
0.0000 
0.0006 
0.0027 
0.0063 
O.Or2 1 
0.0209 
0.0341 
0.0544 
0.0862 
0.1383 
0.2268 
0.3803 
0.6295 
0.9161 
1.0006 
0.9846 
0.7848 
Oe 5532 
0.3855 
0.2824 
0.2133 
0.1668 
0.1343 
0.1106 
0.0929 
0.9794 
0.0687 
0.6601 
0.0532 
0.0474 
0.0426 
0.0385 


0.0002 
0.0026 
0.0061 
0.0168 
0.0175 
0.6269 
0.0406 
0.0612 
0.0934 
C.1457 
0.2343 
0.3979 
0.6376 
On 2220 
1.0077 
O65 3925 
Ont 225 
0. 5698 
02396) 
OO, 2557 
C.2208 
Orta 
0.1416 
0.1179 
0.1001 
0.0865 
0.0757 
0.0671 
0.0600 
0.0542 
0.0493 
0.0451 
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VABLE iV. 






ALPHA EO WiOTH PEAK AREACE]L) | AREACE2) 





(1/MEV) (MEV) (MEV) (M3) CHEV=* 5 Pa eCMev 43) 
3-85 Boe 
3294 320 
4.06 2b 
4.20 B27 
4.38 316 
4.61 308 
4.84 296 
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